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FIG. 3C 340
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Operating This field defines the Bitmap of B0-B2 indicates the operating
Channel and 1 BSS operating channel channel widths, 1/2/4/8/16MHz.
MHz Restriction | width (see 10.39.1 B2, B1, BO are set to 000 when the BSS
320 (Basic S1G BSS operation Bandwidth is 1MHz,
functionality)), primary | g5 g1 B are set to 001 when the BSS
channel position and operation Bandwidth is 2MHz,
1MHz transmission B2, B1, B0 are set to 010 when the BSS
restriction. operation Bandwidth is 4MHz,
B2 B1, B0 are setto 011 when the BSS
operation Bandwidth is 8MHz,
B2, B1, BO are set to 100 when the BSS
operation Bandwidth is 16 MHz,
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METHOD AND APPARATUS FOR
TRANSMITTING WIRELESS NETWORK
OPERATIONAL INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATION

This disclosure claims the benefit of U.S. Provisional

Patent Application No. 61/920,979, filed Dec. 26, 2013,
entitled “S1G  Operation Flement,” which 1s hereby
expressly incorporated herein by reference in 1ts entirety.

FIELD OF THE

DISCLOSURE

The present disclosure relates generally to wireless com-
munication networks, and describes embodiments in which
an access point (AP) disseminates operational information 1n
a wireless local area network (WLAN).

BACKGROUND

Wireless local area network (WLAN) technology has
evolved rapidly over the past decade. Development of
WLAN standards such as the Institute for Electrical and
Electronics Engineers (IEEE) 802.11a, 802.11b, 802.11¢,
802.11n, 802.11ac Standards has improved single-user peak
data throughput. For example, the IEEE 802.11b Standard
specifies a single-user peak throughput of 11 megabits per
second (Mbps); the IEEE 802.11a and 802.11g Standards
specily a single-user peak throughput of 54 Mbps; the IEEE
802.11n Standard Spec1ﬁes a single-user peak throughput of
600 Mbps; and the IEEE 802.11ac Standard specifies a
single-user peak throughput of 6.77 gigabits per second
(Gbps). Work has begun on a new standard, IEEE 802.11ax,
that promises to provide even greater throughput.

Additionally, work has begun on a two other new stan-
dards, IEEE 802.11ah and IEEE 802.11af, each of which
will specily wireless network operation 1n sub-1 GHz fre-
quencies. Low frequency communication channels are gen-
crally characterized by better propagation qualities and
extended propagation ranges compared to transmission at
higher frequencies. In the past, sub-1 GHz ranges have not
been utilized for wireless communication networks because
such frequencies were reserved for other applications (e.g.,
licensed TV frequency bands, radio frequency band, etc.).
There are few frequency bands 1n the sub-1 GHz range that
remain unlicensed, with different specific unlicensed fre-
quencies 1n different geographical regions. The IEEE
802.11ah Standard will specily wireless operation 1n avail-
able unlicensed sub-1 GHz frequency bands. The IEEE
802.11af Standard will specily wireless operation in TV
White Space (TVWS), 1.e., unused TV channels 1n sub-1

GHz frequency bands.

SUMMARY

In an embodiment, a method for communicating wireless
network operational information includes generating, at a
communication device, an informational element (IE) to
include an 1ndication of a minimum modulation and coding
scheme (MCS) allowable 1n a wireless communication net-
work, wherein the minimum MCS 1s from an ordered set of
multiple MCSs defined by a communication protocol uti-
lized by the wireless communication network, and the
indication of the minimum MCS also indicates use of any
MCSs below the minimum MCS 1n the ordered set of MCSs

1s not allowed 1n the wireless communication network. The
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2

method also includes generating, at the communication
device, a data unit that includes the IE.

In another embodiment, an apparatus comprises a net-
work interface having one or more ntegrated circuits con-
figured to generate an IE to include an indication of a
minimum MCS allowable 1 a wireless communication
network, wherein the mimmimum MCS 1s {from an ordered set
of multiple MCSs defined by a communication protocol
utilized by the wireless communication network, and the
indication of the minmimum MCS also indicates use of any
MCSs below the minimum MCS 1n the ordered set of MCSs
1s not allowed 1n the wireless communication network. The
one or more 1tegrated circuits are also configured to gen-
erate a data umit that includes the IE.

In yet another embodiment, a tangible, non-transitory
computer readable medium or media storing machine read-
able instructions that, when executed by one or more pro-
cessors, cause the one or more processors to: generate an IE
to include an 1ndication of a mimmum MCS allowable 1n a
wireless communication network, wherein the minimum
MCS 1s from an ordered set of multiple MCSs defined by a
communication protocol utilized by the wireless communi-
cation network, and the indication of the minimum MCS
also indicates use of any MCSs below the minimum MCS 1n
the ordered set of MCSs 1s not allowed i the wireless
communication network; and generate a data unit that

T 1

includes the IE.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 a block diagram of an example wireless local area
network (WLAN) in which an access point communicates
wireless network operational information to stations in the
WLAN, according to an embodiment.

FIGS. 2A and 2B are diagrams 1llustrating example place-
ment, within a bandwidth corresponding to a primary chan-
nel used 1n a first mode of operation, of a narrow bandwidth
primary channel used 1n a second mode of operation, accord-
ing to an embodiment.

FIGS. 3A-D 1illustrate an example imformation element
(IE) utilized by an access point to communicate wireless
network operational information to stations mm a WLAN,
according to an embodiment.

FIG. 4 1s a flow diagram of an example method for
communicating wireless network operational information 1n
a wireless communication network, according to an embodi-
ment.

FIG. 5A 15 a diagram of an example media access control
(MAC) layer data unit that includes an IE such as the IE of
FIGS. 3A-D, according to an embodiment.

FIG. 5B 1s a diagram of an example physical layer (PHY)
data unit that includes the MAC layer data unit of FIG. 5A,

according to an embodiment.

DETAILED DESCRIPTION

In embodiments described below, a wireless network
device such as an access point (AP) of a wireless local area
network (WLAN) transmits data streams to one or more
client stations. The AP 1s configured to operate with client
stations according to at least a first communication protocol.
In some embodiments, the first communication protocol
defines at least two modes of operation including: 1) a first
mode having a first mimnimum channel bandwidth, and 11) a
second mode having a second minimum channel bandwidth
that 1s a fraction of the first minimum channel bandwidth. As
merely an illustrative example, the first minimum channel
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bandwidth 1s 2 MHz and the second minimum channel
bandwidth 1s 1 MHz. In other embodiments, other suitable
bandwidths and/or fractions are utilized, for example cor-

responding to first minimum bandwidth and second mini-

mum bandwidth pairs such as 1 MHz/0.5 MHz, 2.5 MHz/
1.25 MHz, 3 MHz/1 MHz, 5 MHz/2 MHz, 10 MHz/5 M Hz,
etc. In some embodiments, the second modo also 1s oonﬁg-
ured to provide longer range operation than the first mode.
In other embodiments, however, the first communication
protocol does not define different modes with diflerent
mimmum bandwidths.

In some embodiments, the first communication protocol
defines operation 1n a sub-1 GHz frequency range, and 1s
typically used for applications requiring long range wireless
communication with relatively low data rates. In some
embodiments, however, the first communication protocol
does not defines operation i any sub-1 GHz frequency
ranges, and/or 1s not necessarily used for applications requir-
ing long range wireless communication with relatively low
data rates. In some embodiments, the first communication
protocol defines operation above 1 GHz. In some embodi-
ments, the first communication protocol 1s a protocol such as
defined by the IEEE 802.11 of Standard or the IEEE 802.11
ah Standard. In other embodiments, the first communication
protocol 1s another suitable wireless communication proto-
col.

In some embodiments, the AP 1s also configured to
communicate with client stations according to one or more
second communication protocols which define operation 1n
generally higher frequency ranges and are typically used for
closer-range communications with higher data rates as com-
pared to the first communication protocol. In some embodi-
ments, the one or more second communication protocols are
protocols such as defined by the IEEE 802.11a Standard,
IEEE 802.11g Standard, the IEEE 802.11n Standard, the

IEEE 802.11ac Standard, etc. In other embodiments, how-

ever, the one or more second communication protocols are
other suitable wireless communication protocols. In some
embodiments, the AP 1s not configured to communicate
according to the second communication protocol.

In some embodiments, a first communication device (e.g.,
an AP or other suitable communication device) 1s configured
to disseminate operational information regarding a wireless
communication network (e.g., a WLAN or another suitable
wireless communication network) to other second commu-
nication devices in the wireless communication network. In
various embodiments, the first communication device gen-
erates one or more data units that include one or more
information elements (IEs). The one or more IEs include the
operational mnformation, according to some embodiments.

In various embodiments, the operational information
includes one of, or any suitable combination of two or more
of: 1) a minimum modulation and coding scheme (MCS) that
1s allowed 1n the wireless communication network, 11)
respective indications of respective mimmum MCSs allow-
able 1n the wireless communication network for correspond-
ing different numbers of spatial streams, 111) a position,
within a first primary channel for use 1n the first mode of
operation, of a second primary channel for use in the second
mode of operation, 1v) an indication of whether multiple
spatial streams are allowed 1n the wireless communication
network in the second mode of operation, v) an indication of
an operating class from a plurality of operating classes
corresponding to respective frequency bands, efc.

In some embodiments, the second mode 1s utilized for
various suitable functions. For example, 1n an illustrative
embodiment, the second mode 1s utilized for sending con-
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4

trol-related messages such as beacons, association mes-
sages, exchanging of physical layer (PHY) parameters,
transmit beamiorming training operations, channel estima-
tion operations, etc. In another 1llustrative embodiment, the
second mode 1s utilized for communicating higher level
protocol layer data such as Internet Protocol (IP) layer data,
transport control protocol (1TCP) layer data, application layer
data, etc., over longer ranges than i1s possible in the first
mode.

In some embodiments, the function of the second mode
depends on the region 1n which the second mode 1s utilized.
For example, in one embodiment of an IEEE 802.11ah
system 1n the United States, where a relatively large amount
of spectrum 1s available i sub-1 GHz frequencies, first
mode communications utilize channels having a first mini-
mum bandwidth (e.g., 2 MHz, 2.5 MHz, etc.), and the
second mode has smaller second minimum bandwidth (e.g.,
1 MHz, or 1.25 MHz, etc.). In some embodiments, the AP

uses the second mode for signal beacon or association
procedures, and/or for transmit beamforming training opera-
tions, for example. As another example, in one embodiment
of a communication system in which less spectrum 1s
available 1n sub-1 GHz frequencies (e.g., Europe or Japan),
the second mode serves to provide longer ranges as com-
pared to the first mode.

[llustrative examples and embodiments are discussed
below 1n the context of a WLAN. In other embodiments,
methods and apparatuses disclosed herein can be utilized
with other suitable types of wireless communication net-
works such as personal areca networks (PANs), wide area
networks (WANSs), metropolitan area networks (MANs), etc.

FIG. 1 1s a block diagram of an example WLAN 10
including an AP 14, according to an embodiment. The AP 14
includes a host processor 15 coupled to a network 1nterface
device 16. The network interface device 16 includes a
medium access control (MAC) processing unit 18 and a
physical layer (PHY ) processing unit 20. In an embodiment
the MAC processing unit 18 1s configured to perform MAC
layer protocol functions. In an embodiment, the PHY pro-
cessing unit 20 1s configured to perform PHY functions.

The PHY processing unit 20 includes one or more trans-
ceivers 21, and the transceivers 21 are coupled to one or
more antennas 24. Although three transceivers 21 and three
antennas 24 are 1llustrated 1n FIG. 1, the AP 14 can include
different numbers (e.g., 1, 2, 4, 5, etc.) of transcervers 21 and
antennas 24 i other embodiments. The number of antennas
24 need not be the same as the number of transceivers 21.
In some embodiments, multiple transceivers 21 are coupled
to the same antenna. In some embodiments, there are more
antennas 24 than transceivers 21 and antenna switching
techniques are utilized. Additionally, in some embodiments,
the network interface 16 1s configured to utilize antenna
diversity, antenna beamforming, and/or a MIMO technique
such as spatial multiplexing.

The WLAN 10 further includes a plurality of client
stations 25. Although four client stations 25 are illustrated 1n
FIG. 1, the WLAN 10 can include different numbers (e.g., 1,
2,3, 5, 6, etc.) of client stations 25 1n various scenarios and
embodiments. At least one of the client stations 25 (e.g.,
client station 25-1) 1s configured to operate at least accord-
ing to the first communication protocol. In some embodi-
ments, at least one of the client stations 25 (e.g., client
station 25-4) 1s configured to operate at least according to the
second communication protocol. In other embodiments,
however, no client stations are configured to operate accord-
ing to the second communication protocol.
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The client station 25-1 includes a host processor 26
coupled to a network intertace 27. The network interface 27
includes a MAC processing unit 28 and a PHY processing
unit 29. In an embodiment the MAC processing unit 28 1s
configured to perform MAC layer protocol functions. In an
embodiment, the PHY processing unit 29 1s configured to
perform PHY functions.

The PHY processing unit 29 includes a plurality of
transceivers 30, and the transceivers 30 are coupled to a
plurality of antennas 34. Although three transceivers 30 and
three antennas 34 are 1llustrated 1in FIG. 1, the client station
25-1 can include different numbers (e.g., 1, 2, 4, 5, etc.) of
transceivers 30 and antennas 34 1n other embodiments. The
number of antennas 34 need not be the same as the number
of transcervers 30. In some embodiments, multiple trans-
ceivers 30 are coupled to the same antenna. In some embodi-
ments, there are more antennas 34 than transceivers 30 and
antenna switching techniques are utilized. Additionally, 1n
some embodiments, the network interface 27 1s configured
to utilize antenna diversity, antenna beamforming, and/or a
MIMO technique such as spatial multiplexing.

In some embodiments, one, some, or all of the client
stations 25-2, 25-3, and 25-4 has/have a structure the same
as or similar to the client station 25-1. In these embodiments,
the client stations 25 structured the same as or similar to the
client station 25-1 have the same or a diflerent number of
transceivers and antennas. For example, the client station
25-2 has only two transceivers and two antennas, according
to an embodiment.

In various embodiments, the PHY processing unit 20 of
the AP 14 1s configured to generate data units conforming to
the {first communication protocol and having formats
described hereinafter. The transceiver(s) 21 1s/are configured
to transmit the generated data units via the antenna(s) 24.
Similarly, the transceiver(s) 21 1s/are configured to receive
data units via the antenna(s) 24. The PHY processing unit 20
of the AP 14 1s also configured to process received data units
conforming to the first communication protocol and having
formats described hereinafter, according to various embodi-
ments.

In various embodiments, the PHY processing unit 29 of
the client device 25-1 1s configured to generate data units
conforming to the first communication protocol and having
formats described hereinafter. The transceiver(s) 30 1s/are
configured to transmit the generated data units via the
antenna(s) 34. Similarly, the transceiver(s) 30 1s/are config-
ured to receive data units via the antenna(s) 34. The PHY
processing unit 29 of the client device 25-1 1s also config-
ured to process received data units conforming to the first
communication protocol and having formats described here-
inafter, according to various embodiments.

In some embodiments, the AP 14 1s configured to operate
in dual frequency band configurations. In such embodi-
ments, the AP 14 1s able to switch between using the first
communication protocol and the second communication
protocol. Similarly, the client station 25-1 1s capable of dual
frequency band operation, according to some embodiments.
In these embodiments, the client station 25-1 1s able to
switch between using the first communication protocol and
the second communication protocol. In other embodiments,
the AP 14 and/or the client station 25-1 1s a single band
device configured to utilize only the first communication
protocol.

In some embodiments, the first communication protocol
defines a plurality of MCSs for use 1n wireless communi-
cation networks. In some embodiments, each MCS provides
a different data rate for a given set of one or more other
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parameters, €.g., length of guard mterval utilized, number of
spatial streams utilized, etc. Thus, 1n some embodiments, the
MCSs can be ordered based on throughput to provide an
ordered set of MCSs. In some embodiments, as MCSs
decrease 1n the order, robustness increases (e.g., a lower
MCS provides better performance in the presence of noise,
interference, etc., as compared to a higher MCS). In some
embodiments, as MCSs decrease 1 the order, range
increases (e.g., a lower MCS provides a longer range as
compared to a higher MCS). Thus, 1n some embodiments,
the MCSs can be ordered based on, for example, robustness,
range, €tc.

In some embodiments, the AP 14 1s configured to set a
minimum MCS for the WLAN 10 such that any MCSs
below the mimimum MCS 1n the ordered set of MCSs are not
allowed 1 the WLAN 10. Additionally, the AP 14 1s
configured to transmit an mdication of the mimmum MCS
for the WLAN 10 to the stations 25. In some embodiments,
the AP 14 1s configured to set respective mimmimum MCSs fer
the WLAN 10 for different numbers of spatial streams.
Additionally, the AP 14 1s configured to transmit respective
indications of the mimmimum MCSs for different numbers of
spatial streams for the WLAN 10 to the stations 25. In some
embodiments, the AP 14 1s configured to generate an infor-
mation element (IE) that includes operational information
comprising the indication(s) of the mimmum MCS(s). In
some embodiments, the AP 14 1s configured to generate a
data unit (e.g., a MAC layer data unit, a PHY data unit, etc.)
that includes the IE. In various embodiments, the data unit
1s a beacon data unit, an association response data unit, a
probe response data unit, etc.

Upon recerving the indication(s) of the minimum MCS(s),
the stations 25 refrain from using any MCSs below the
indicated minimum MCS(s) (at least for the certain numbers
of spatial streams, in some embodiments), according to an
embodiment. In some embodiments i which different
MCSs provide diflerent ranges, setting the minimum
MCS(s) above an absolute mimmum MCS defined by the
first communication protocol has an effect of reducing the
range of the network 10 as compared to the network 10 using
MCSs below the mndicated minimum MCS(s). By reducing
the range of networks in this manner, more networks can be
located within a given spatial (e.g., geographic) area, at least
in some embodiments.

In some embodiments in which a first mode and a second
mode are utilized such as described above, the AP 14 1s
configured to set a location (1n frequency) of a narrower
primary channel for the second mode of operation within a
primary channel for the first mode of operation. FIG. 2A 1s
a diagram of an 1llustrative example of a composite channel
200 that 1s utilized 1n the network 10, according to an
illustrative embodiment. The composite channel 200 1is
utilized 1n the first mode 1n which a smallest channel unit of
width 1s 2 MHz (as merely an illustrative example). The
composite channel 200 includes a primary channel 204 and
a secondary channel 208.

A primary channel 212 1s utilized 1n the second mode of
operation in which the smallest channel unit of width 1s 1
MHz (as merely an 1illustrative example) In the example of
FIG. 2A, the primary channel 212 1s located 1n a lower half
of the bandwidth of the primary channel 204. On the other
hand, 1n the example of FIG. 2B, the primary channel 212
1s located 1n an upper half of the bandwidth of the primary
channel 204.

Thus, 1n some embodiments, the AP 14 1s configured to
transmit an indication of the location (in frequency) of the
primary channel 212 within the bandwidth corresponding to
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the primary channel 204 for the WLAN 10 to the stations 25.
In some embodiments, the AP 14 1s configured to generate
an IE that includes operational information comprising the
indication of the location of the primary channel 212 within
the bandwidth corresponding to the primary channel 204. In
some embodiments, the IE that includes the indication of the
location of the primary channel 212 within the bandwidth
corresponding to the primary channel 204 also includes the
indication(s) of the minimum MCS(s), as discussed above.
In some embodiments, the AP 14 1s configured to generate
a data unit (e.g., a MAC layer data unit, a PHY data unat,
ctc.) that includes the IE. In various embodiments, the data
unit 1s, or includes, a beacon data unit, an association
response data unit, a probe response data unit, etc.

Upon receiving the indication of the location of the
primary channel 212 within the bandwidth corresponding to
the primary channel 204, the network interfaces 27 of the
stations 25 configure themselves to utilize the appropriate
primary channel 212 when operating the second mode,
according to an embodiment. In some embodiments, this
technique facilitates permitting different locations of the
primary channel 212 within the bandwidth of the primary
channel 204. This may help to reduce interference with
another WLAN that 1s proximate to the WLAN 10, at least
in some embodiments. For example, 1n some embodiments,
when the other WL AN 1s also using bandwidth correspond-
ing to the primary channel 204 as 1ts primary channel and 1s
capable of operating 1n the second mode, the AP 14 can
determine bandwidth within the primary channel 204 that
the other WLAN 1s using for its second mode primary
channel, and then select a location of the primary channel
212 that 1s different than that used by the other WLAN. As
another example, 1n some embodiments, when the other
WLAN 1s also using bandwidth corresponding to the pri-
mary channel 204 as i1ts primary channel and 1s capable of
operating in the second mode, the AP 14 can determine
bandwidth within the primary channel 204 that the other
WLAN 1s using for 1ts second mode primary channel, and

then select a location of the primary channel 212 that 1s the
same as that used by the other WLAN.

Although FIGS. 2A and 2B were discussed with respect
to specific bandwidths of the primary channel 204 and the
primary channel 212, other suitable bandwidths are utilized
in other embodiments. Additionally, although FIGS. 2A and
2B were discussed with respect to the bandwidth of the
primary channel 212 being one half the bandwidth of the
primary channel 204, the bandwidth of the primary channel
212 1s another suitable fraction (e.g., one third, one quarter,
one fifth, etc.) of the bandwidth of the primary channel 204,
in other embodiments. Thus, in some embodiments, there
are more than two possible locations of the primary channel
212 within the bandwidth of the primary channel 204 (e.g.,
three locations (e.g., upper third, middle third, lower third),
four locations, five locations, etc.).

In some embodiments, the AP 14 1s configured to set an
operating class of the WLAN 10, where the operating class
corresponds to a particular frequency spectrum. In some
embodiments, the operating class 1s indicated by a starting
frequency, and a channel spacing. In some embodiments, the
operating class also corresponds to a set of channels. In other
embodiments, the operating class 1s indicated additionally or
alternatively using other suitable parameters such as 1) a
starting frequency and an ending frequency, 11) a starting
frequency and a bandwidth, etc. In some embodiments, the
AP 14 1s configured to generate an IE that includes opera-
tional information comprising an indication of the operating,
class. In some embodiments, the IE that includes the indi-
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cation of the operating class also includes one or both of 1)
the indication(s) of the mimmum MCS(s) (as discussed
above), and/or 11) the location of the primary channel 212
within the bandwidth corresponding to the primary channel
204 also includes the indication(s) of the minimum MCS(s)
(as discussed above). In some embodiments, the AP 14 1s
configured to generate a data umt (e.g., a MAC layer data
unmit, a PHY data unit, etc.) that includes the IE. In various
embodiments, the data unit 1s, or includes, a beacon data
unit, an association response data unit, a probe response data
unit, etc.

Upon receiving the indication of the operating class, the
network interfaces 27 of the stations 23 configure them-
selves to operate 1n the operating class, according to an
embodiment. In some embodiments, the indication of the
operating class includes a starting frequency and a channel
spacing. In some embodiments, the indication of the oper-
ating class also includes an indication of a set of channels.
In other embodiments, the indication of the operating class
additionally or alternatively includes other suitable param-
eters such as 1) a starting frequency and an ending frequency,
11) a starting frequency and a bandwidth, etc.

In some embodiments, the AP 14 1s configured to set
whether more than one spatial stream can be utilized in the
WLAN 10 1n the second mode. In some embodiments, the
AP 14 1s configured to generate an IE that includes opera-
tional information comprising an indication of whether more
than one spatial stream can be utilized in the WLAN 10 1n
the second mode. In some embodiments, the IE that includes
the 1indication of whether more than one spatial stream can
be utilized m the WLAN 10 in the second mode, also
includes any one of, any two of, or all of 1) the indication(s)
of the mimmum MCS(s) (as discussed above), 1) the loca-
tion of the primary channel 212 within the bandwidth
corresponding to the primary channel 204 also includes the
indication(s) of the mmimum MCS(s) (as discussed above),
and/or 1) the indication of the operating class. In some
embodiments, the AP 14 1s configured to generate a data unit
(e.g., a MAC layer data umit, a PHY data unit, etc.) that
includes the IE. In various embodiments, the data unit 1s, or
includes, a beacon data unit, an association response data
unit, a probe response data unit, etc.

Upon recerving the indication that more than one spatial
stream cannot be utilized in the WLAN 10 1n the second
mode, the network interfaces 27 of the stations 235 configure

themselves to not use more than one spatial stream 1n the
WLAN 10 1n the second mode.

FIGS. 3A-D are diagrams of an example IE 300 that
includes operational imnformation such as described above,
according to an illustrative embodiment. In other embodi-
ments, one or more other suitable IEs are utilized.

Referring now to FIG. 3A, the IE 300 includes an element
identifier 304, a length field 308 to indicate a length of the
IE 300, a sub-1 Gigahertz (5S1G) operational information
field 312, and a basic S1G-MCS and Nss Set field 316.
Example lengths of fields of the IE 300 are illustrated 1in FIG.
3A. In other embodiments, other suitable lengths are uti-
lized. The fields 312 and 316 are described 1n more detail
with reference to FIGS. 3B-D.

For example, FIG. 3B illustrates the field 312, according
to an 1llustrative embodiment, in more detail. The field 312
includes three subfields 320, 324, and 328. The subfield 320
provides imformation regarding the width of a channel that
1s to be utilized 1n the WLAN 10. For example, 1 channel
bonding 1s utilized, multiple unit channels can be utilized to
form a composite channel having a bandwidth equal to an
integer multiple of a unit channel bandwidth, 1n some
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embodiments. The subfield 320 also provides information
regarding position of a primary channel utilized in the
second mode within a bandwidth corresponding to a primary
channel utilized in the first mode, as discussed above. The
subiield 320 also provides an indication of whether multiple

spatial streams can be utilized when operating 1n the second
mode. The subfield 320 1s described 1n more detail with
reterence to FIG. 3C.

The subfield 324 provides an indication of an operating,
class utilized by the WLAN 10. The subfield 328 provides
an 1ndication of the primary channel utilized by the WLAN
10 1n the first mode.

FIG. 3C 1s a table 340 describing the field 312 1n more
detail, according to an 1illustrative embodiment. For
example, bits B0-B2 of subfield 320 are utilized to indicate
whether the channel to be utilized has a bandwidth of 1
MHz, 2 MHz, 4 MHz, 8 MHz, or 16 MHz. Bit B3 of subfield
320 1s utilized to 1indicate a position of the primary channel
in the second mode within the bandwidth of the primary
channel of the first mode. Bits B4-B6 of subfield 320 are
utilized to indicate a position of the primary channel in the
first mode within the bandwidth of the overall channel.

The subfield 324 i1s encoded 1n a suitable manner to
indicate the operating class. In some embodiments, the
subfield 324 i1s encoded to indicate a starting frequency and
a channel spacing corresponding to an operating class. In
some embodiments, the subfield 324 1s encoded to also
indicate a set of channels corresponding to the operating
class. In other embodiments, the subfield 324 1s encoded to
additionally or alternatively indicate other suitable param-
cters such as 1) a starting frequency and an ending frequency,
11) a starting frequency and a bandwidth, etc.

The subfield 328 1s encoded 1n a suitable manner to
indicate a channel number corresponding to the primary
channel in the first mode. For example, the subfield 328 is
encoded to indicate a channel 1dentifier such as a channel
number or other suitable identifier, according to some
embodiments. |

Referring now to FIG. 3D, an example embodiment of the
ficld 316 of the IE 300 1s 1llustrated. The field 316 includes
four subfields that indicate a respective minimum MCS for
when one spatial stream 1s utilize, when two spatial streams
are utilized, when three spatial streams are utilized, and
when four spatial streams are utilized. Similarly, in an
embodiment, the field 316 includes four subfields that indi-
cate a respective maximum MCS for when one spatial
stream 1s utilized, when two spatial streams are utilized,
when three spatial streams are utilized, and when four spatial
streams are utilized.

FIG. 4 1s a flow diagram of an example method 400 for
communicating wireless network operational information 1n
a wireless communication network, according to an embodi-
ment. In an embodiment, the method 400 1s implemented by
an AP 1n the WLAN, according to an embodiment. With
reference to FIG. 1, the method 400 1s implemented by the
AP 14. For example, the method 400 1s implemented by the
MAC processing unit 18, by the PHY processing unit 20 of
the AP 14, and/or by the host processor 15, according to
various embodiments. In other embodiments, the method
400 1s implemented by other components of the AP 14, or 1s
implemented by a suitable communication device other than
the AP 14.

At block 404, an IE 1s generated to include one of or any
suitable combination of two or more of: 1) an indication of
a minimum MCS allowable 1n the wireless communication
network, 11) an indication of a position of a primary channel
tor the second mode within a bandwidth corresponding to a
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primary channel for the first mode of operation, 1) an
indication of whether multiple spatial streams are allowed 1n
the wireless communication network when operating in the
second mode, and/or 1v) an indication of an operating class
from a plurality of operating classes corresponding to
respective frequency bands.

If block 404 includes generating the IE to include the
indication of the mimimum MCS, the method also includes
setting the minimum MCS, according to an embodiment. If
block 404 includes generating the IE to include the indica-
tion of the position of the primary channel for the second
mode within the bandwidth corresponding to the primary
channel for the first mode of operation, the method also
includes setting the position, according to an embodiment. If
block 404 includes generating the IE to include the indica-
tion of whether multiple spatial streams are allowed 1n the
wireless communication network when operating in the
second mode, the method also includes setting whether
multiple spatial streams are allowed in the wireless com-
munication network when operating 1n the second mode,
according to an embodiment. If block 404 includes gener-
ating the IE to include the indication of the operating class,
the method also includes setting the operating class, accord-
ing to an embodiment.

At block 408, a data unit 1s generated to include the IE. In
an embodiment, block 408 includes generating a MAC layer
data unit that includes the IE. For example, 1n an embodi-
ment, the MAC layer data unit 1s generated to include the IE
in a payload of the MAC layer data unit. Referring now to
FIG. SA, a MAC layer data unit 500 includes a payload 504
having an IE 508 generated according to block 404 of FIG.
4. Referring again to FIG. 4, in an embodiment, block 408
includes generating a PHY data unit that includes the IE. For
example, 1n an embodiment, the PHY data unit 1s generated
to include the MAC layer data unit discussed above, which
includes the IE. Referring now to FIG. 5B, a PHY data unit
5350 includes the MAC layer data unit 500 of FIG. 5A.

Referring agamn to FIG. 4, in some embodiments, the
method further includes transmitting the data unmit generated
at block 408. In some embodiments, method further includes
initiating transmission of the data unit generated at block
408.

At least some of the various blocks, operations, and
techniques described above may be implemented utilizing
hardware, a processor executing firmware instructions, a
processor executing software instructions, or any combina-
tion thereol. When implemented utilizing a processor
executing soitware or firmware 1nstructions, the software or
firmware instructions may be stored in any non-transient,
tangible computer readable medium or media such as a
magnetic disk, an optical disk, a random access memory
(RAM), a read-only memory (ROM), a flash memory, a
magnetic tape, etc. The software or firmware instructions
may include machine readable instructions that, when
executed by one or more processors, cause the one or more
processors to perform various acts.

When implemented 1n hardware, the hardware may com-
prise¢ one or more of discrete components, an integrated
circuit, an application-specific mtegrated circuit (ASIC), a
programmable logic device (PLD), efc.

While the present invention has been described with
reference to specific examples, which are intended to be
illustrative only and not to be limiting of the invention,
changes, additions and/or deletions may be made to the
disclosed embodiments without departing from the scope of
the 1vention.
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What 1s claimed 1s:
1. A method for communicating wireless network opera-

tional information, the method comprising:

generating, at a first communication device, an informa-

12

munication network has a second bandwidth that 1s a
fraction of the first bandwidth; and

generating the IE includes generating the IE to include an
indication of whether multiple spatial streams are

width, and 11) a second mode of operation 1n which a
second primary channel utilized by the wireless com-

tional element (IE) to include an indication of a mini- 3 allowed 1n the wireless communication network when
mum modulation and coding scheme (MCS) allowable UsINg the‘ second primary channel in the second mode
in a wireless communication network, wherein of operation. | | |
the minimum MCS 1s from an ordered set of multiple _ 6. The methogl of claim 1, 'wherem generaiing the IE
MCSs defined by a communication protocol utilized 1nc1ud§s generating the IE to include an indication of an
by the wireless communication network: and 10 operating class from a plurality of operating classes corre-
4 h o0 devi hj 1 1 sponding to respective frequency bands.
generating, at the commuglcatlol} evice, a physical layer 7. An apparatus, comprising:
(PHY) protocol d§t3 unit that Hhe 1‘%‘1‘?’3 Fhe Ik the; PHY a network interface of a first communication device, the
protocolidat‘a unit for transmission in the wireless network interface having one or more integrated cir-
COII]I'HUI?ICEI’[IOII .network to one or more second com- 5 cuits, the network interface comprising:
munication devices, such that when the one or more a media access control (MAC) processing unit imple-
second communication devices receive the PHY pro- mented on the one or more mtegrated circuits, the
tocol data unit having the indication of the minimum MAC processing unit configured to
MCS, the one or more second communication devices generate an informational element (IE) to include an
retrain from using any MCSs below the minimum MCS 20 indication of a minimum modulation and coding
in the ordered set of MCSs. scheme (MCS) allowable 1n a wireless communi-
2. The method of claim 1, wherein generating the IE cation network, wherein
includes generating the IE to include respective indications the minimum MCS 1s from an ordered set of multiple
of respective minimum MCSs allowable in the wireless MCSs defined by a communication protocol uti-
communication network for corresponding different num- 25 lized by the wireless communication network, and
bers of spatial streams, wherein: generate a MAC layer protocol data unit that includes
cach minimum MCS 1s from the ordered set of multiple the 1E;
MCSs defined by the communication protocol, such wherein the network interface further comprises:
that when the one or more second communication a physical layer (PHY) processing unit coupled to the
devices receive the PHY protocol data unit having the 30 MAC processing unit, the PHY processing unit
respective indications of respective minimum MCSs, implemented on the one or more 1ntegrated circuits,
the one or more second commumnication devices refrain the PHY processing unit being configured to gener-
from using any MCSs below the respective minimum ate a PHY protocol data unit that includes the MAC
MCS 1 the ordered set of MCSs when using the layer protocol data unit, the PHY protocol data unit
respective number of spatial streams. 35 for transmission 1n the wireless communication net-
3. The method of claim 2, wherein generating the IE work to one or more second communication devices,
includes generating the IE to include respective indications such that when the one or more second communi-
of respective maximum MCSs allowable 1n the wireless cation devices recerve the PHY protocol data unit
communication network for corresponding different num- having the indication of the mimimum MCS, the one
bers of spatial streams, wherein: 40 or more second communication devices refrain from
cach maximum MCS 1s from the ordered set of multiple using any MCSs below the minimum MCS 1n the
MCSs defined by the communication protocol, such ordered set of MCSs.
that when the one or more second communication 8. The apparatus of claim 7, wherein the MAC processing,
devices receirve the PHY protocol data unit having the umt 1s configured to generate the IE to include respective
respective 1ndications of respective maximum MCSs, 45 indications of respective minimum MCSs allowable 1n the
the one or more second commumnication devices refrain wireless communication network for corresponding differ-
from using any MCSs above the respective maximum ent numbers of spatial streams, wherein:
MCS 1 the ordered set of MCSs when using the cach minimum MCS 1s from the ordered set of multiple
respective number of spatial streams. MCSs defined by the communication protocol, such
4. The method of claim 1, wherein: 50 that when the one or more second communication
the communication protocol defines 1) a first mode of devices receive the PHY protocol data unit having the
operation 1 which a first primary channel utilized by respective indications of respective minimum MCSs,
the wireless communication network has a first band- the one or more second communication devices refrain
width, and 11) a second mode of operation 1 which a from using any MCSs below the respective minimum
second primary channel utilized by the wireless com- 55 MCS i the ordered set of MCSs when using the
munication network has a second bandwidth that 1s a respective number of spatial streams.
fraction of the first bandwidth; and 9. The apparatus of claim 8, wherein the MAC processing,
generating the IE includes generating the IE to include an umt 1s configured to generate the IE to include respective
indication of a position of the second primary channel indications of respective maximum MCSs allowable 1n the
within the primary channel for the second mode of 60 wireless communication network for corresponding differ-
operation. ent numbers of spatial streams, wherein:
5. The method of claim 1, wherein: cach maximum MCS 1s from the ordered set of multiple
the communication protocol defines 1) a first mode of MCSs defined by the communication protocol, such
operation 1n which a first primary channel utilized by that when the one or more second communication
the wireless communication network has a first band- 65 devices receive the PHY protocol data unit having the

respective indications of respective maximum MCSs,
the one or more second communication devices retrain
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from using any MCSs above the respective maximum
MCS 1 the ordered set of MCSs when using the
respective number of spatial streams.

10. The apparatus of claim 7, wherein:

the communication protocol defines 1) a first mode of

operation 1 which a first primary channel utilized by
the wireless communication network has a first band-
width, and 11) a second mode of operation 1n which a
second primary channel utilized by the wireless com-
munication network has a second bandwidth that 1s a
fraction of the first bandwidth; and

the MAC processing unit 1s configured to generate the IE

to include an indication of a position of the second
primary channel within the first primary channel for the
second mode of operation.

11. The apparatus of claim 7, wherein:

the communication protocol defines 1) a first mode of

operation 1n which a first primary channel utilized by
the wireless communication network has a first band-
width, and 11) a second mode of operation 1n which a
second primary channel utilized by the wireless com-
munication network has a second bandwidth that 1s a
fraction of the first bandwidth; and

the MAC processing unit 1s configured to generate the IE

to include an indication of whether multiple spatial
streams are allowed in the wireless communication
network when using the second primary channel 1n the
second mode of operation.

12. The apparatus of claim 7, wherein the MAC process-
ing unit 1s configured to generate the IE to include an
indication of an operating class from a plurality of operating
classes corresponding to respective frequency bands.

13. A tangible, non-transitory computer readable medium,
or media, storing machine readable instructions that, when
executed by one or more processors of a first communication
device, cause the one or more processors to:

generate an mformational element (IE) to include an

indication of a minimum modulation and coding
scheme (MCS) allowable 1n a wireless communication
network, wherein
the minimum MCS 1s from an ordered set of multiple
MCSs defined by a communication protocol utilized
by the wireless communication network; and
generate a media access control (MAC) protocol layer
data unit that includes the IE, the MAC layer protocol
data unit for inclusion in a physical layer (PHY)
protocol data unit for transmission in the wireless
communication network to one or more second com-
munication devices, such that when the one or more
second communication devices recerve the PHY pro-
tocol data unit having the indication of the minimum
MCS, the one or more second communication devices
refrain from using any MCSs below the mimimum MCS
in the ordered set of MCSs.

14. The tangible, non-transitory computer readable
medium, or media, of claam 13, further storing machine
readable 1nstructions that, when executed by the one or more
processors, cause the one or more processors to:

generate the IE to include respective indications of

respective minimum MCSs allowable in the wireless

communication network for corresponding different

numbers of spatial streams, wherein:

cach minimum MCS is from the ordered set of multiple
MCSs defined by the communication protocol, such
that when the one or more second communication
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devices recerve the PHY protocol data umit having
the respective indications of respective minimum
MCSs, the one or more second communication
devices refrain from using any MCSs below the
respective mimmum MCS i the ordered set of
MCSs when using the respective number of spatial
streams.

15. The tangible, non-transitory computer readable
medium, or media, of claim 14, further storing machine
readable mstructions that, when executed by the one or more
processors, cause the one or more processors to:

generate the IE to include respective indications of

respective maximum MCSs allowable 1n the wireless

communication network for corresponding different

numbers of spatial streams, wherein:

cach maximum MCS i1s from the ordered set of multiple
MCSs defined by the communication protocol, such
that when the one or more second communication
devices receive the PHY protocol data unit having
the respective indications of respective maximum
MCSs, the one or more second communication
devices refrain from using any MCSs above the
respective maximum MCS in the ordered set of
MCSs when using the respective number of spatial
streams.

16. The tangible, non-transitory computer readable
medium, or media, of claim 13, wherein:

the communication protocol defines 1) a first mode of

operation 1 which a first primary channel utilized by
the wireless communication network has a first band-
width, and 11) a second mode of operation 1n which a
second primary channel utilized by the wireless com-
munication network has a second bandwidth that 1s a
fraction of the first bandwidth; and

the computer readable medium or media further stores

machine readable instructions that, when executed by
the one or more processors, cause the one or more
processors to generate the IE to include an indication of
a position of the second primary channel within the first
primary channel for the second mode of operation.

17. The tangible, non-transitory computer readable
medium, or media, of claim 13, wherein:

the communication protocol defines 1) a first mode of

operation 1 which a first primary channel utilized by
the wireless communication network has a first band-
width, and 11) a second mode of operation 1n which a
second primary channel utilized by the wireless com-
munication network has a second bandwidth that 1s a
fraction of the first bandwidth; and

the computer readable medium or media further stores

machine readable instructions that, when executed by
the one or more processors, cause the one or more
processors to generate the IE to include an indication of
whether multiple spatial streams are allowed 1n the
wireless communication network when using the sec-
ond primary channel 1n the second mode of operation.

18. The tangible, non-transitory computer readable
medium, or media, of claim 13, further storing machine
readable 1nstructions that, when executed by the one or more
processors, cause the one or more processors to generate the
IE to include an indication of an operating class from a
plurality of operating classes corresponding to respective
frequency bands.
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